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In  h i s  speech, Professor MacDonald referred b r i e f l y  t o  the  non-hydrostatic 

component of the  earth' s flattening, along w i t h  other nan-hydrostatic terms 

in the gravity field. 

all. 
f la t tening of 1/2*.3--the actual  flattening--and which therefore showed ~ 

no ef fec ts  of the second harmonic. 

Professor Runcorn did not mention this cmponent a t  

Both employed maps of the geoid which referred t o  an e l l ipso id  with a 

I should l i k e  to discuss t h i s  par t icular  harmonic in same de ta i l ,  because 

it i s  the best-established and the la rges t  deviation from f l u i d  equilibrium. 

Its most conspicuous e f f ec t  is shown in Fig. 1. 

r .. . 

5-3 ' 
Here the  so l id  l i n e  is the t race  of a great c i r c l e  on a Mereator map. 

ear th were spherical., a s a t e l l i t e  would pass over it on a path l i k e  this. 

If the 

But, 
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because of the ear th ' s  equatorial  bulge, an actual  s a t e l l i t e  is constantly 

d r a m  toward the Equator: 

l a t i tude  a l i t t l e  too  soon. 

l i t t l e  short  of 1.80~ from the first ascending node, A,. 

the second ascending node, Aa, falls even f'urther short  of 360'. 
s a t e l l i t e  continues around i t s  orbi t .  
node w i l l  s tead i ly  regress, i.e., w i l l  f a l l  back in a direct ion opposite 

that of the s a t e l l i t e ' s  motion. The ra te  a t  which the node regresses is  

a very precise measure of the f la t ten ing  of the earth. 

. 
thus it completes i t s  r i s e  and f a l l  i n  

The p o h t  D, the descendinK node, is  thus a 

Similarly 

As the  
Therefore, we see that the  ascending 

e 

The first attempt at an improvement of the constant of the f la t ten ing  

w a s  made by L. Jacchia, on a Harvard Announcement Card in March, 1958, from 

measures of Sputnik 11, which was considerably disturbed by i r r e g u l a z  

aknospherR drag. By the summer of 1958 it was possible t o  use the American 
s a t e l l i t e s  with t h e i r  r e l a t ive  freedom from atmospheric disturbances; 

numerous independent determinations from both Russian and American s a t e l l i t e s ,  

and from the U.S . ,  the  U.K., and Czechoslovakia a l l  indicated a f la t ten ing  of 

confirmed that the f la t ten ing  is between 1/298.2 and 1/298.3, very close t o  

the value adopted by the Russians fo r  t h e i r  Krassowsky Ellipsoid, and decis ively 
d i f fe ren t  fran the value of 1/297 adopted fo r  the International El l ipsoid or, 
more surprisingly, from the value of 1/297.3 which was  then regarded as 

representing the  figure of f l u i d  equilibrium. 

ic 

- the ear th  near t o  or a l i t t l e  over 1 / 2 9 .  A l l  subsequent measures have 

, 

I It was n m  necessary t o  make a new calculation of the figure of f l u i d  

This was because the old calculation, which gave 1/297.3 f o r  equilibrium. 

the f la t tening,  involved as  an essent ia l  s t ep  the assumption that the 

ac tua l  Iflattening was equal t o  the f la t ten ing  f o r  f l u i d  equilibrium; and 

this was  p la in ly  no longer good enough. We begin w i t h  the f a c t  t h a t  the 
ef fec t  of the  ear th  on a s a t e l l i t e  is proportional t o  the w t i t y  C-A, whexa 

C i s  the  moment of i n e r t i a  of the ear th  around i ts  polar axis, while A is  

i ts  moment of i n e r t i a  around an equatorial axis. 
units, we divide by Ms2, the  product of the earth's mass by the  square of 

fC 

To ge t  it i n t o  convenient 

1 

. 
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i ts  radius. It As prove 
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C-A - 2 1 - -  - ( f  - p )  Ma' 3 

e, Ltlc i;J ; m i d  
in such t ex t s  as Jeffreys '  "Ill3 EARTH t h a t  

where m is the r a t i o  of centrifugal force a t  the Equator t o  gravity a t  the  

Equator, and f is the actual  f lattening. 

mathematical one; it does not depend in any way on assumptions about the  

internal  consti tution of the  earth;  a t  the present time it (with high-order 

terms) is the working def in i t ion  of the  ea r th ' s  ac tua l  e l l i p t i c i t y ,  and it 
is from t h i s  equation, w i t h  slight modifications, that the  above values of 
the e l l i p t i c i t y  w e r e  found. 

This equation is  a purely 

Numerically, - C-A = .001083 
Ma2 

The same equation applies t o  the motion of the node of the moon's orbi t ;  

i n  t h i s  case, however, the d i r ec t  e f fec t  i s  masked by similar and much larger  

e f fec ts  of the sun. 
reaction on the earth, which is, of course, also proportional t o  C-A, i s  

s ignif icant .  

On the other hand, the moon i s  la rge  enough so  that i ts  

There i s  a similar solar effect ;  the  combined torque i s  

responsible for  the precessional motion of the ax is  of t h e  earth. 

the r a t e  of precession i s  proportional t o  the applied torque and inversely 

proportional t o  the angular momentum, Cw, where u) is the ea r th ' s  angular 

velocity; thus from a measure of the lunisolar precession we obtain thg 

A s  usual, 

quantity 
7 

The value i s  approximately l/3@.6. Dividing, 

- C 

Ma2 Ma2 

C-A C-A - - 1 7  - 

for  which A .  H. C o o k  f inds the numerical value 0.3306. 
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From these values it i s  possible t o  calculate what the f la t ten ing  E 
of the ear th  would -- be, if the earth were i n  a s t a t e  of f l u id  equilibrium. 
The equations, which r e s u l t  from t w o  centuries of mathematical study are, 

t o  the first order, in Jeffreys '  notation 

. 

Henriksen solved the second order equivalents of these equations; it 
turns out t h a t  they d i f f e r  from the f i r s t  order equations only t o  the extent 

of about 0.1 i n  the reciprocal; the r e su l t  is  

This i s  the  flattening which the ear th  would have, i f  it were i n  hydrostatic 
equilibrium. 

plus equations (4)  and ( 5 ) .  
available;  hence the necessary fourth equation w a s  obtained by assuming that 

c: = f ;  t h i s  method led  t o  the value 1/297.3 f o r  f, the so-called hydrostatic 

value. 

W e  have found it by using the numerical values of - and H 
Ykl2 

Pr ior  t o  1958, re l iab le  values of C-A were not E 

c 

The load on the equator which is represented by the excess bulge 

(1/298.3 instead of 1/299.8) is  equivalent t o  a couple of hundred meters of 

land elevation. 

analogy with a pontoon bridge. 

own weight of water; Vnus 

The mechanical consequences can best  be presented by 

A single, detached boat w i l l  displace i t s  

Now the earth is  l i k e  a pontoon bridge, extending from the  north pole t o  the 
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Near the poles, there is  l e s s  mass than would be expected; the boats a r e  

displacing more than t h e i r  weight of  water, and are  l i f t i n g .  Near the 

Equator, the boats a r e  displacing l e s s  than t h e i r  weight of water; the 

total mass per square centimeter (boat plus water) is  thus more than 

expected. 

Clearly t h i s  is only possible i f  there is  some mechanical t i e  between 

the boats, capable of carrying the l o a d  from the Equator t o  the poles. 
-a. 

In the  case of the earth, we find tha t  the hydrostatic assumption does 

not do the tr;dk; the equilibrium is' e i ther  not hydrGor not s t a t i c .  

i s  ordinary so l id  s t a t i c  equilibrium (something l i k e  a beam t o  which all the 

boats a re  connected, as Jeffreys has suggested, then clear ly  we cannot have 

convection currents i n  the  mantle. 

If it 

The a l te rna t ive  is  hydrodynamic support of sane kind. Since the currents 

contemplated a re  very slow, we can exclude the question of support by the 

inertia of the stream+bi&&a s ~ l ~ o ~ r s p e l l ~ - ~ ~ ~ ~ ~ ~ d  we must 

think i n  terms of the forces of viscosity. 

The mere passive resistance of the kind of viscous forces generally 

adduced by exponents of convection theory i s  insuff ic ient .  The prime , 
example generally used i s  the u p l i f t  of Fenno-Scandia. 

as the r e s u l t  of viscosi ty  i n  the mantle, leads t o  a value of poises. 

Collapse would ensue i n  a time l e s s  than the  character is t ic  time for the 

Fenno-Scandian u p l i f t  of, say, 6000 years. The consequence would be changes 

of sea l e v e l  aver very large par ts  of the world a t  the rate of a foot  every 

This, i f  interpreted 

. F - - v -  ..L<-L i r  c-.. 7.r.? nwanvo nC mnnn;~,,ar\ 
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Hence the d is tor t ion  must be maintained by dynamic gffects,  i .e . ,  by 

some s o r t  of convection currents which produce forces which r a i se  the equator 

as fast as it collapses. I should think t h a t  these currents would r i s e  

under the Equator and flow t m r d  the poles, where they would sink; and 



c c’ 4 

- 6 -  

I Licht has worked out t h i s  idea. 
would  f l o w  the other way. 

Others, I am told, f e e l  t h a t  the currents , 

In any case, i f  mantle-deep cmvection currents r e d l y  exis t ,  and if 

they drag the continents around on their backs, then the cont imnts  should be 
stacked up e i ther  a t  the  Equator or a t  the  2oles. 


